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ABSTRACT
Given the limited availability of direct evidence (pre-explosion observations) for
supernova (SN) progenitors, the location of supernovae (SNe) within their host galax-
ies can be used to set limits on one of their most fundamental characteristics, their
initial progenitor mass. We present our constraints on SN progenitors derived by com-
paring the radial distributions of 80 SNe in the SINGG and SUNGG surveys to the
R-band, Hα, and UV light distributions of the 55 host galaxies. The strong correlation
of Type Ia SNe with R-band light is consistent with models containing only low mass
progenitors, reflecting earlier findings. When we limit the analysis of Type II SNe to
apertures containing 90 per cent of the total flux, the radial distribution of these SNe
best traces far ultraviolet (FUV) emission, consistent with recent direct detections
indicating Type II SNe have moderately massive red supergiant progenitors. Stripped
Envelope (SE) SNe have the strongest correlation with Hα fluxes, indicative of very
massive progenitors (M∗ & 20 M). This result contradicts a small, but growing, num-
ber of direct detections of SE SN progenitors indicating they are moderately massive
binary systems. Our result is consistent, however, with a recent population analysis
suggesting binary SE SN progenitor masses are regularly underestimated. SE SNe are
centralised with respect to Type II SNe and there are no SE SNe recorded beyond half
the maximum disc radius in the optical and one third the disc radius in the ultraviolet.
The absence of SE SNe beyond these distances is consistent with reduced massive star
formation efficiencies in the outskirts of the host galaxies.
Key words: supernovae: general
1 INTRODUCTION
The number of supernovae (SNe) being detected has in-
creased significantly in the past decade (e.g. Lennarz, Alt-
mann & Wiebusch 2012; Gal-Yam et al. 2013) due to the
? E-mail: fiona.audcent-ross@icrar.org
detection of fainter SNe and expanding automated monitor-
ing programs (e.g. Bloom et al. 2012a; Magnier et al. 2013;
Masci et al. 2017; Bellm et al. 2019). There is, however, only
a small number of nearby SNe cases for which the SN pro-
genitor has been directly identified (see references in Smartt
2015; Van Dyk 2017).
Given limited direct evidence on the nature of SN pro-
genitors, various researchers are using indirect methods to
constrain key progenitor characteristics, such as mass and
metallicity. Examining both the host galaxy and the lo-
cal environment in which SNe have occurred has, there-
fore, become important. Stars, particularly massive ones,
© 2019 The Authors
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are believed to form in clusters (e.g. Lada & Lada 2003;
Bressert et al. 2010) and, given low typical velocity dis-
persions (e.g. Bastian & Goodwin 2006; Portegies Zwart,
McMillan & Gieles 2010), massive SN progenitors will there-
fore end their short lives in, or not far from, their birthplace
environments. Recent indirect methods used to study SN
progenitors include examining the radial distributions of the
SN population (e.g. Bartunov, Marakova & Tsevetkov 1992;
van den Bergh 1997; Anderson & James 2009), analysing
and modelling SN light curve behaviour (e.g. Fryer et al.
2010; Gonzalez-Gaitan et al. 2015) and dating the stellar
populations near the SN location (e.g. Gogarten et al. 2009;
Kuncarayakti et al. 2013b; Lyman et al. 2018; Maund 2018).
This work uses the radial aperture analysis method (see Sec-
tion 2.2) to gain insights into the likely progenitor masses of
key SN types.
Supernovae fall into two broad categories: Type Ia SNe
and core collapse supernovae (CCSNe). CCSNe occur at the
end of the main sequence life of massive stars (M & 8 M)
when exothermic fusion in the core ceases, leading to the
rapid gravitational collapse of the core and subsequent ex-
plosive ejection of the outer layers of the star (Bethe et al.
1979). Either a neutron star or a black hole is formed, de-
pendent on the stellar mass of the progenitor at the point of
collapse (Heger et al. 2003).
SNe are classified according to their spectral properties
(see Minkowski 1941; Filippenko 1997; Gal-Yam 2016, and
references therein), with Type II CCSNe having hydrogen
lines, unlike Types Ib and Ic. The diversity of CCSNe types
is believed to reflect the extent of the progenitor’s hydrogen
envelope retained at the time of explosion. Type Ib spec-
tra contain helium lines, but Type Ic have neither hydrogen
nor helium spectral features, having experienced the loss of
their outer layers. Immediately after exploding, a Type IIb
SN exhibits spectral features similar to a Type II CCSN but
the hydrogen lines in the spectra disappear quickly (often
within weeks) and the observed spectra is then typical of
a Type Ib (e.g. Filippenko, Matheson & Ho 1993). Prompt
observation of SN spectra is, therefore, essential for accurate
distinction between these related SN types (e.g. Maund et al.
2004). Type IIb SN progenitors are thought to retain as little
as 0.01 M of their hydrogen envelopes at the time of ex-
ploding (Taddia et al. 2018), explaining the short-lived hy-
drogen spectral features. Stripped-envelope supernova (SE
SNe: Types Ib, Ic, Ib/c and IIb) are grouped together in
this paper, as these spectrally-related objects are expected
to have similar progenitor channels (e.g. Arcavi et al. 2012).
Type II CCSNe can also be classified according to the
shape of their light curves in the weeks after going super-
nova; cases where the light curve drops linearly are classi-
fied IIL while the more common Type IIP feature a plateau
phase. There is, however, growing support for the view
that Types IIL and IIP, as originally defined, are part of
a larger continuous distribution (see discussion in Sanders
et al. 2015).
For a star to terminate as a SE SN it must lose its outer
layers of hydrogen (for a Type Ib) and, for Type Ic, also its
layers of helium. See Smith (2014) for a review of mass loss
in SE SN progenitors. This mass loss could arise from one
of the following proposed mechanisms, or a combination of
them: mass transfer to a nearby companion (e.g. Crockett
et al. 2007; Smith et al. 2011b; Eldridge et al. 2015), ejection
of a common envelope in a binary system (Podsiadlowski,
Joss & Hsu 1992), precursor luminous blue variable (LBV)
eruptions (Smith & Owocki 2006; Kotak & Vink 2006; Groh,
Meynet & Ekstro¨m 2013a; Smith, Mauerhan & Prieto 2014),
pulsation-driven superwinds in red supergiants (Heger et al.
1997), or strong winds in Wolf-Rayet (WR) stars (Begelman
& Sarazin 1986; Gaskell et al. 1986).
Beyond the Local Group, Type Ia SNe are the primary
distance probes used by astronomers (Phillips et al. 1999)
and have played a pivotal role in the discovery of the acceler-
ating expansion of the Universe (Riess et al. 1998). These ex-
tremely bright thermonuclear explosions are thought to arise
from the destruction of mass-accreting or merging carbon-
oxygen white dwarfs (WDs: Hoyle & Fowler 1960; Hille-
brandt & Niemeyer 2000). Type Ia SNe have strong ionized
silicon lines in their spectra and, unlike CCSNe, have no hy-
drogen or helium lines, indicating that the progenitors are
not main sequence stars.
Despite their importance, the progenitors for Type Ia
remain subject to conjecture, with no direct detections to
date and several possible progenitor models under consider-
ation (see Livio & Mazzali 2018, for a recent review). In the
single degenerate (SD) model the WD progenitor gains mass
though accretion from a non-degenerate companion (either
a red giant or main sequence star) and, upon reaching the
Chandrasekhar limit (MCh ≈ 1.4 M: Chandrasekhar 1931;
Stoner 2011), explodes (e.g. Whelan & Iben 1973; Nomoto
1982; Nomoto & Leung 2018). Different variants on the SD
model include a range of masses and evolutionary states for
the companion and a range of WD progenitor masses: be-
low, at, or above MCh (e.g. Nomoto, Thielemann & Yokoi
1984; Han & Podsiadlowski 2004; Howell et al. 2006; Hachisu
et al. 2012; Shen et al. 2018a; Goldstein & Kasen 2018). In
the double-degenerate (DD) model, two low mass WDs in a
binary system merge due to gravitational interaction (Iben
& Tutukov 1984; Webbink 1984), taking the combined mass
over the Chandrasekhar limit (Howell 2011).
In order to constrain progenitor properties by location
within the host, it is important to start with a well selected
sample of potential host galaxies. The potential host selec-
tion criteria should be homogeneous and well stated so that
the inevitable biases can be identified. Anderson & James
(2009), for example, note that their heterogeneous sample
has an increased bias towards brighter SNe and brighter
galaxies.
Surveys based on optically selected potential hosts are
estimated to miss up to 20 per cent or more of SNe in the
local Universe (e.g. Mattila et al. 2012; Jencson et al. 2019),
with increasing fractions missed at higher redshifts due to
high extinction from dust. Extinction can be extreme, for ex-
ample, in the luminous infrared galaxies (LIRGs) that dom-
inate star formation at higher redshifts (Kool et al. 2018).
Locally, dust in the bars and bulges of galaxies will pref-
erentially obscure optically dim SNe (Cappellaro, Evans &
Turatto 1999; Botticella et al. 2012; Horiuchi et al. 2011).
Resolving new point sources arising from SN events in or
near the very luminous centres of galaxies can also be dif-
ficult, especially where there is a strong flux gradient (e.g.
Cappellaro et al. 1997). Saturation of detectors by nuclei can
be problematic and can cause central SNe to be missed at
optical wavelengths (e.g. Kool et al. 2018).
Galaxy-targeted surveys are biased against low mass
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and low luminosity galaxies (Botticella et al. 2012), despite
them making an important contribution to the total star for-
mation occurring in the local Universe (Audcent-Ross et al.
2018).
Here we examine the constraints we can place on SN
progenitors using a sample of potential host galaxies selected
by atomic hydrogen (Hi) content in the very local Universe,
and observed with star formation tracers in the optical and
ultraviolet. Specifically, our base of potential hosts is the
galaxies observed for the Survey for Ionised Neutral Gas
Galaxies (SINGG; Meurer et al. 2006), and the Survey of Ul-
traviolet emission in Neutral Gas Galaxies (SUNGG, Wong
et al. in prep). These surveys are discussed further in Section
2.4.
The paper is organised as follows: Section 2 presents our
method, starting with the rationale behind it in Section 2.1.
Section 2 then explains the radial aperture analysis method
in detail and outlines the two surveys and the SN sample
used in this work. Section 3 shows that the radial distribu-
tion of SNe is consistent with Type Ia progenitors having
low mass companions; Type II progenitors have masses at
the lower end of the mass range traced by FUV; and SE SNe
originate from high mass stars. These results are discussed
further in Section 4. We present our conclusions in Section
5.
A Hubble constant of H0 =70 km s−1 Mpc−1 and cos-
mological parameters for a ΛCDM cosmology of Ω0 = 0.3
and ΩΛ = 0.7 have been used throughout this paper.
2 THE RADIAL APERTURE ANALYSIS
METHOD AND OUR SAMPLE
2.1 The rationale
Within late type galaxies the distance from an object to the
galactic centre is a useful proxy for the likely local environ-
ment of that object. Stars located centrally are, for example,
more likely to be associated with the central bulge, normally
comprising older, higher metallicity stellar populations (e.g.
Larson 1976; Peletier & Balcells 1996; Driver et al. 2006).
Conversely, stars located further from the galactic centre are
more likely to be in the stellar disc and to be associated with
the younger stellar populations dominating the galaxy’s spi-
ral arms (e.g. Smith 1968). Radial aperture analysis com-
pares the radial locations of SNe to the radial fluxes of host
galaxies, giving insights into which stellar populations host
SN progenitors. Radial flux distributions can be impacted
by internal and external factors, however, and these need
to be considered when interpreting results. The actions of a
strong bar, for example, can reduce local massive star for-
mation (e.g. Hakobyan et al. 2016a) and minor mergers or
interactions can trigger considerable localised star formation
(e.g. Bushouse 1987; Bastian et al. 2005; Bekki 2008), sig-
nificantly altering radial flux distributions.
2.2 The method
Radial aperture analysis (James & Anderson 2006; Ander-
son & James 2009) uses the total detectable optical and UV
fluxes for a given galaxy using a curve of growth approach.
Galaxy fluxes are measured within concentric elliptical aper-
tures, centred on the galactic centre, out to the maximum
radius at which light is detected above sky levels (for fur-
ther detail see Meurer et al. 2006). The elliptical aperture
enclosing the total detectable flux of the host galaxy (having
a radius R = Rmax; see Meurer et al. 2018) is then scaled
down to determine the smaller, concentric ellipse that inter-
sects with the individual SN (see Fig. 1). The ratio of the flux
contained within the SN-enclosing ellipse to the total flux of
the galaxy provides a useful measure of the supernova’s cen-
tralisation. A SN located at the host galaxy’s centre has a
radial enclosed flux fraction of zero, while a SN located at
Rmax has a radial enclosed flux fraction of 1. Here we use
four different radial flux distributions to derive a cumulative
distribution function (CDF) of the flux contained within SN
locations. Specifically, the four fluxes used are the R-band
continuum and Hα from SINGG and the near and far ultra-
violet (hereafter NUV and FUV) from SUNGG. A 1:1 CDF
is indicative of an excellent radial tracer for the SN type
under consideration.
This work utilises CDFs derived over two ranges; firstly,
over the entire radial profile of the galaxy (Rmax) and, sec-
ondly, out to R90, where only 90 per cent of the total flux is
contained. Using R90 allows the bulk of the light to be as-
sessed, while ignoring the outer regions where star formation
can be significantly different due to local environmental fac-
tors. Large changes in local star formation efficiency (SFE,
the ratio of star formation rate relative to the available gas
supply) in the outer disc may reflect areas where local gas
surface densities fall below critical star formation thresh-
olds (Kennicutt 1989; Ros˘kar et al. 2008), or changes in disc
stability (e.g. Martin & Kennicutt 2001), accretion of cold
gas from outside the disc (Sancisi et al. 2008; Wang et al.
2018), or possible changes in the IMF (see Section 4.2). Suffi-
ciently large changes in SFE will generate a break in the typ-
ically exponential form of a spiral galaxy’s surface brightness
profile (Patterson 1940; Freeman 1970; Zheng et al. 2015).
In SINGG, R90 typically lies just beyond where breaks in
the basic exponential form occur (Zheng et al. 2015; Meurer
et al. 2018, break radius RB ∼ 0.75 R90).
R-band, Hα, NUV and FUV CDFs are used as these
fluxes are sensitive to different but overlapping mass ranges
of stars, allowing us to constrain possible mass ranges for
SN progenitors. Hα is an excellent direct tracer of very high
mass star formation (M∗ & 20 M), as only the most mas-
sive, short-lived (t < 10 Myr) O-type stars, are able to give
rise to the photoionization of Hii regions, leading to recombi-
nation Hα emission. R-band is a good tracer of stars, cover-
ing the entire mass spectrum down to ≤ 1M. UV emission
arises from both O- and B-type stars. It is a useful indica-
tor, therefore, of recent star formation of high mass stars
(M∗ & 3 M). For further explanation on the mass sensi-
tivities of Hα and FUV emission see Section 3.1 of Meurer
et al. (2009).
2.3 An inclination cut
Assuming circularity of disc galaxies, elliptical apertures
arise from the inclination of the host galaxy with respect to
the plane of the sky. Line of sight issues are most extreme for
galaxies with a large inclination value. Fluxes are measured
using concentric elliptical apertures, regardless of the host’s
MNRAS 000, 1–?? (2019)
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Figure 1. SN 1983N and host galaxy J1337-29 (M83). Left: A three-colour image of J1337-29 with a yellow open circle indicating
the location of SN 1983N inside the elliptical R-band flux aperture (of radius R = Rmax, Meurer et al. 2018). R-band flux is displayed
in blue, narrow-band Hα (before continuum subtraction) in green and net Hα (narrow-band Hα post continuum subtraction) in red.
North is up, east is to the left and the minor tick marks are 100 pixels (43”) apart. Right : SN 1983N is indicated with a star and the
R-band and FUV Rmax apertures for the host galaxy are indicated with thick red and blue ellipses, respectively. The concentric apertures
containing 90 per cent of the R-band and FUV fluxes are indicated with red and blue dashed ellipses, respectively. The thick light
grey solid line indicates the SN-enclosing aperture concentric with optical apertures and the thick dash-dot dark grey line marks the
SN-enclosing aperture concentric with FUV apertures. Note that the optimal SUNGG UV and SINGG optical apertures were determined
independently, generating very similar, but not always identical, apertures (size, ellipticity and position angle). Differences in ellipticity
and position angle are generally small and immaterial, as seen here. For an overview of the differences in aperture sizes see Figure 2.
Figure 2. Comparison of SINGG (optical) and SUNGG (UV) elliptical flux measurement apertures at: (a) Rmax and (b) R90. The 42
SNe host galaxies common to SINGG and SUNGG include many with an extended UV (XUV) disc in comparison to their optical disc
(Thilker et al. 2007).
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Figure 3. Comparison of SINGG R-band (red) and SUNGG
FUV (blue) flux measurement apertures (Rmax) with R25, the
isophote at which the surface brightness of the host galaxy reduces
to 25.0 mag per square arcsecond (measured in the B-band). The
55 SNe hosts have optical and, where applicable, UV apertures
that are consistently larger than R25, with median R25/Rmax ra-
tios of 0.55 and 0.49, respectively. R25 values have been obtained
from NED; if multiple measurements were available the first-listed
value in NED has been used.
inclination. Light from highly inclined galaxies generally re-
quire very large corrections for extinction due to dust and,
as a result, less luminous supernovae can remain undetected
in these galaxies (Mattila et al. 2012). Only host galaxies
meeting an axial ratio criterion (a/b< 4) were, therefore,
used in our analysis.
Line of sight considerations may bias apparent SN po-
sitions towards being more centralised than they really are.
In theory, a SN that appears to be centrally located could,
for example, actually be part of the outer bulge stellar pop-
ulations or the surrounding, more distant, halo. This is un-
likely to be a major issue, however, given very few SNe are
located in galactic bulges (e.g. Johnson & MacLeod 1963;
Hakobyan et al. 2016a, 2017). In a review of 500 SNe in local
non-disturbed galaxies Hakobyan et al. (2016a), for exam-
ple, found all the CCSNe and the vast majority of Type Ia
SNe were located in the disc, rather than in the bulge or
halo components of the host galaxies.
Despite the caveats outlined above, the radial distri-
bution of historical SNe has been useful, identifying differ-
ences in SN distributions by type and providing insights
into both CCSNe and Type Ia progenitors (e.g.Bartunov
et al. 1992; Wang, Ho¨flich & Wheeler 1997; Ivanov, Hamuy
& Pinto 2000; Bartunov, Tsvetkov & Pavlyuk 2007; Fo¨rster
& Schawinski 2008; Anderson & James 2009).
2.4 The SINGG and SUNGG surveys
SINGG and SUNGG are surveys of star formation in a sam-
ple of Hi-selected galaxies selected from the Hi Parkes All-
Sky Survey (HIPASS: Meyer et al. 2004; Zwaan et al. 2004;
Koribalski et al. 2004), using Hα and UV emission as trac-
ers of star formation, respectively. SINGG (Meurer et al.
2006) observed 288 HIPASS sources revealing 466 galaxies
with Hα emission (at rest λ = 6562.82 A˚) using a variety of
narrow band filters, and primarily a broad R-band filter for
continuum characterisation and subtraction. Sources were
selected to fully sample the Hi mass function in order to ob-
tain a complete view of star formation in the local Universe.
See Meurer et al. (2006); Hanish et al. (2006); Audcent-Ross
et al. (2018) and Meurer et al. (2020 in prep.) for further dis-
cussion.
SUNGG (Wong 2007; Wong et al. 2016) uses GALEX
NUV (central wavelength λc = 2273 A˚) and FUV (λc = 1515
A˚) observations of 418 unique galaxies with Hi previously
detected by HIPASS. Only HIPASS sources meeting the ax-
ial ratio criterion a/b< 4 were used in SUNGG, as highly-
inclined galaxies can experience severe extinction of their
UV fluxes due to dust located in the plane of the host galaxy.
There are 231 HIPASS sources containing 320 star forming
galaxies in common between the two surveys.
The surveys have been used to measure the local star
formation rate density, highlighting the importance of the
contributions made from galaxy types that can be under-
represented in optically-selected samples: low Hi mass, low
luminosity and low surface brightness galaxies (Hanish et al.
2006; Audcent-Ross et al. 2018). Evidence of possible re-
duced massive star formation has been detected in low lu-
minosity and low surface brightness galaxies as well as in
the outskirts of galaxies (Meurer et al. 2009; Bruzzese et al.
2015; Watts et al. 2018; Bruzzese et al. 2019).
A common measure of a galaxy’s radius is R25, the
isophote at which the surface brightness of the galaxy mea-
sured in the B-band reduces to 25.0 mag per square arcsec-
ond. R25 values for the host galaxies of our sample were
extracted from the NASA/IPAC Extragalactic Database
(NED), using the first-listed value in NED, if multiple mea-
surements were recorded. SINGG and SUNGG apertures
are, on average, double the R25 values (see Fig. 3). The
SINGG and SUNGG surveys are designed to measure the
star formation rate density of the local universe and so the
optical and UV elliptical apertures are set to ensure all de-
tectable fluxes from the target galaxy are included. This
was achieved using a curve of growth analysis to capture
all the detectable optical and UV fluxes, respectively. As
the optimal SUNGG UV and SINGG optical apertures are
determined independently they are not always identical in
size, ellipticity and position angle (see Fig. 1b). The SINGG
apertures (both Rmax and R90) for the host galaxies are
typically smaller than their SUNGG UV counterparts (see
Fig. 2), consistent with many of these local galaxies having
significantly extended UV discs (Thilker et al. 2005, 2007).
2.4.1 Non-stellar sources of Hα and FUV emission
Galactic Hα emission does not solely arise from massive star
formation (see Vuc˘etic´, Arbutina & Uros˘evic´ 2015, for a re-
view of contaminating sources); shocks (e.g. Kenney et al.
2008), active galactic nuclei (AGN), planetary nebulae and
supernova remnants (SNR), for example, can generate Hα
emission. Vuc˘etic´ et al. (2015) measured the contribution of
the observed SNR Hα emission to the total Hα flux for 25
very local galaxies that contain optically detected SNR, find-
ing SNR generate 0.2–12.8 per cent of the total Hα fluxes.
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Figure 4. Comparison of SINGG R-band (red) and SUNGG
FUV (blue) compactness (R90/Rmax) values for the 42 host
galaxies with both SINGG and SUNGG observations. The low
average compactness values reflect the significant centralisation
of the R-band and FUV fluxes (centred on R90/Rmax ∼ 0.5).
Due to selection effects the measurements represent lower
limits. Two SINGG galaxies in our sample were examined
by Vuc˘etic´ et al. (2015); J2357-32 (NGC 7793) has a small
measured SNR contribution of 1 per cent of total Hα emis-
sion from 27 SNR, while 296 known SNR in J1337-29 (M83)
contribute 9 per cent of its total Hα emission. The spatial
distribution of SNR (e.g. Lee & Lee 2014; Anderson et al.
2017) in the 55 SINGG hosts could impact on the Hα CDF,
but allowing for this complication is beyond the scope of this
current work.
Eight host galaxies (containing 13 SNe) are classified as
Seyferts. The AGN impact on the radial flux distributions of
the hosts has been ignored in our analysis, even though AGN
may generate considerable central Hα and FUV fluxes (e.g.,
Sullivan et al. 2000; Driver et al. 2018). However, the Hα flux
emission from an AGN is typically dwarfed in comparison
to emission at larger radii (e.g. Sullivan et al. 2000; Driver
et al. 2018).
2.5 The supernova sample
The IAU Central Bureau for Astronomical Telegrams
(CBAT) listing1, David Bishop’s ”Latest Supernovae” web-
site2, and the Open Supernova Catalog 3(Guillochon et al.
2017) were searched (all last accessed/downloaded 27th
May 2019), by SN coordinates and host name, to identify
recorded SNe that had potentially occurred within the galax-
ies of the SINGG and SUNGG surveys. This approach was
used to alleviate any potential bias against extreme outly-
ing known SNe. Targeted surveys using very limited fields
of view will, however, generate a bias against the detection
1 http://www.cbat.eps.harvard.edu/lists/Supernovae.html
2 http://www.rochesterastronomy.org/supernova.html
3 https://sne.space
of extreme outlying SNe. See Section 1 for more discussion
on survey biases.
All events in these catalogues known not to be a SN
were ignored for this study. The 466 star-forming galaxies of
SINGG contain 101 known SNe, including 18 of uncertain
type. The SNe of unknown type are excluded from the radial
aperture analysis. Three host galaxies (J0953+01, J1445+01
and J1513-20) failed the axial ratio criterion (a/b< 4: see
Section 2.2) and the SNe located therein (1983E, 1983P,
and 2002ds, respectively) are, therefore, also excluded from
the analysis.
The 80 SNe in our final sample represent all the most
common types (see Graur et al. 2017), while rarer types,
including Type IIn SNe (e.g. Cappellaro et al. 1997), were
not found. There are 62 CCSNe and 18 Type Ia SNe and
these are located at distances of 4–128 Mpc. Type Ia SNe
occur in both early and late types of galaxies, but the SINGG
sample contains few early-type galaxies; the Hi-selection of
the SINGG and SUNGG samples biases against early-type
galaxies which typically have negligible or low levels of Hi
and star formation.
3 RESULTS
3.1 Type Ia: A central deficit
The radial distribution of Type Ia SNe in Figure 5a is
best traced by the R-band and Hα light distributions
(Kolmogorov-Smirnov (KS) p = 0.69 and 0.81, respectively).
The R-band CDF for Type Ia SNe generally lies below the
normal line in the inner region (Fig. 5a), however, indicat-
ing a relative central deficit of SINGG Type Ia SNe with
respect to R-band flux (see also Fig. A1a); only ∼ 11 per
cent of Type Ia SNe are located within the inner 20 per cent
of the total R-band flux, for example. This is consistent with
observations by other researchers. Anderson et al. (2015b),
for example, used a much larger sample of 102 Type Ia SNe
in star-forming galaxies and identified reduced numbers of
Type Ia SNe within the inner 20 per cent of R-band emis-
sion.
In early work Whipple (1939) observed that SNe traced
stellar luminosity, with a possible tendency to ”avoid the
nucleus”and the central deficit of Type Ia SNe in late type
galaxies is well-known (e.g. Wang, Ho¨flich & Wheeler 1997;
Tsvetkov, Pavlyuk & Bartunov 2004; Bartunov, Tsvetkov &
Pavlyuk 2007, Anderson et al. 2015b). In elliptical hosts the
distribution of Type Ia SNe traces the overall galaxy light
profile, albeit with a lower SNe rate per unit mass, and no
central deficit is observed (e.g. Bartunov et al. 2007; Fo¨rster
& Schawinski 2008). Similarly, fewer Type Ia SNe per unit
mass are produced in bulges compared to the discs of spiral
galaxies (e.g. Anderson et al. 2015b; Hakobyan et al. 2016b),
resulting in the conclusion that the vast majority of Type
Ia SNe are located in the disc, and not in the bulge or halo
components, of their hosts (e.g. Johnson & MacLeod 1963;
Hakobyan et al. 2017). As the bulges of late type galaxies
typically contribute approximately 30 per cent of the total
R-band flux (e.g. Morselli et al. 2017) but produce fewer
Type Ia SNe per unit mass, the central values of the R-band
CDF for Type Ia SNe are lower than the normal line, as
observed in SINGG (Fig. 5a).
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Figure 5. Cumulative distribution functions (CDFs) of the fluxes of the host galaxies interior to the Type Ia SNe positions (see Section
2.2 for method). The R-band, Hα, NUV and FUV CDFs are shown in yellow, red, green and blue, respectively, using the symbols shown
in the key. The number of SNe used in the construction of each CDF is also given in the key. The diagonal dotted normal line is an ideal
1:1 CDF where the cumulative number of Type Ia SNe exactly traces the radial flux distribution. The significance (p) of the one-tailed
Kolmogorov-Smirnov (KS) testing is also listed, indicating the likelihood that the specified CDF is derived from the same population
as the normal line. The Anderson-Darling test generates similar results; see Appendix A for a summary. (a) CDFs show the radial
distribution of all SINGG Type Ia SNe. (b) Only Type Ia SNe occurring beyond the inner 20 per cent of the R-band flux distribution
are included in the CDF here. This CDF commences at (0.2, 0.2); the artificial start point reflecting the 1.00 slope of the best fit line
(see Section 3.1) and the extent of observed central deficits (e.g. Anderson et al. 2015b). As detailed in Section 3.1, bulges contribute
significantly to central R-band fluxes, while producing fewer Type Ia SNe per unit mass than discs. The p = 0.95 result shows that the
radial distribution of SINGG Type Ia SNe outside the central region is consistent with the R-band light distribution.
Figure 6. CDFs for (a) Type II SNe, (b) stripped-envelope supernova (SE SNe: Types Ib, Ic, Ib/c and IIb) and (c) the combined Type
II and SE SNe sample. See Figure 5 for further description.
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Excluding the two SINGG Type Ia SNe occurring in-
side the central, bulge-dominated, 20 per cent of R-band
emission, Figure 5b shows that the radial distribution of the
Type Ia population is strongly traced by the host galaxy’s R-
band emission (p = 0.95). Given the pivotal role of low mass
WDs in all of the key models of Type Ia SNe generation (e.g.
Livio & Mazzali 2018), the overall correlation of the Type
Ia SN radial distribution with R-band light distribution is
expected.
Our results are consistent with the findings of Anderson
et al. (2015b) who found the Type Ia SNe CDF followed R-
band fluxes. Their strongest correlation, however, was with
B-band fluxes; this wavelength is somewhat more sensitive
to high mass stars than R-band emission which traces a wide
range of stellar populations and stellar masses. Kelly, Kir-
shner & Pahre (2008) also found Type Ia SNe most closely
followed a similar wavelength (g’-band). The Type Ia SNe
rate is highly dependent on global star formation, however,
and is, therefore, highly dependent on the host galaxy colour,
with bluer galaxies having the highest Type Ia SNe rate per
unit mass (e.g. Mannucci et al. 2005; Mannucci, Della Valle
& Panagia 2006). Type Ia SNe commonly occur in elliptical
galaxies, including those with very little recent star forma-
tion (e.g. Oemler & Tinsley 1979; Cappellaro et al. 1999;
Mannucci et al. 2005), however, showing at least some pro-
genitors are from older stellar populations.
The radial distribution of Type Ia SNe does not corre-
late with the UV flux distributions at a statistically signifi-
cant level (see Fig. 5a: p = 0.01 for both NUV and FUV), in
agreement with Anderson et al. (2015b). As UV is a useful
tracer of moderate to high mass stars and, therefore, also a
tracer of moderate emission time-scales (e.g. Hygate et al.
2019), the divergence of the UV CDF from the dotted nor-
mal line in Figure 5a suggests that Type Ia SNe have pro-
genitor systems from different mass and time-scale ranges.
3.2 Type II SNe
The radial distribution of Type II SNe shows strong agree-
ment with both UV fluxes (p = 0.73 and 0.71 for NUV
and FUV, respectively) and differs from the R-band and Hα
light distributions at, or near, statistically significant levels:
p = 0.05 and 0.02, respectively (see Fig. 6a and Appendix
A). Type II SNe occur throughout the optical disc and ex-
amples can be found near or at Rmax,opt (see also Fig. 7e,f ).
The Hα CDF for Type II SNe (see Fig. 6a) has a central
section with a reduced slope; just over 10 per cent of Type
II SNe are found in 30 per cent of the flux (between 30 to
60 per cent of the total flux - see also Fig. A1b). Strong bars
are known to cause a notable suppression of massive star for-
mation in early-type spirals (see Hakobyan et al. 2016a, and
references therein) and this could contribute to this CDF
feature.
No Type II SNe are found in the outer ∼ 30 per cent
of the FUV apertures by radius (see Fig. 7g,h). This lack
of Type II SNe in the outskirts could arise from a combina-
tion of Type II SN progenitors having masses towards the
higher end of the mass range traced by UV and weak star
formation in outer discs, apparently with an Initial Mass
Function deficient in the most massive stars (e.g. Bruzzese
et al. 2015; Watts et al. 2018; Bruzzese et al. 2019). Metal-
licity gradients are unlikely to be important, with research
showing that progenitor metallicity is not a significant factor
in determining SN type (Anderson et al. 2010).
The physical areas beyond R90,UV and R90,opt can be
sizeable; XUV discs are common (Thilker et al. 2005; Gil de
Paz et al. 2005; Thilker et al. 2007, and see Fig. 2) and
R-band fluxes and Hα emission are concentrated (see the
normalised radial profiles in Figs 7e,f and 4). As explained in
Section 2.2, performing radial analysis within R90 allows the
bulk of the light to be assessed while ignoring the outskirts
of the host galaxies, where local environmental factors may
profoundly impact star formation.
Type II SNe within R90 are best traced by FUV (p =
0.52: see Fig. 8a) and deviate from Hα, although not at a
statistically significant level (p = 0.06). Using a much larger
sample, Anderson & James (2009) also observed the positive
correlation of Type II SNe and FUV and the deviation from
Hα emission.
The correlation of Type II SNe with FUV R90 fluxes
is consistent with growing evidence that most, if not all,
of Type IIP SNe originate from single moderately massive
(Mi ∼ 8 - 16 M) red supergiants (RSG) (see Smartt et al.
2002; Van Dyk 2017). However, some research suggests Type
II SNe cannot arise solely from single stars (e.g. Kuncar-
ayakti et al. 2018). There are only a few direct detections of
Type IIL SN progenitors (Van Dyk 2017) and these support
slightly more massive progenitors for some Type IIL SNe
(Fraser et al. 2014; Groh et al. 2013b, but see Valenti et al.
2016).
The low correlation of the overall Type II SN distribu-
tion and Hα, tracer of very high mass stellar populations, is
consistent with observational evidence and modelling that
indicates that most very massive (M ≥ 18 M) stars may
collapse directly to a black hole (to become ”failed super-
novae” e.g. Fryer 1999; Smartt et al. 2009; Lovegrove &
Woosley 2013; Jennings et al. 2014; Smartt 2015; Sukhbold
et al. 2016; Adams et al. 2017). Adams et al. (2017) con-
firmed the first case of a disappearing massive star using the
Large Binocular Telescope to search for failed SN candidates
(N6946-BH1: Kochanek et al. 2008, and see also Reynolds,
Fraser & Gilmore 2015). The 25 M RSG progenitor ex-
perienced considerable mass loss of its outer layers before
leaving signs of a newly formed black hole (e.g. late-time
emission Perna et al. 2014), without a CCSN explosion oc-
curring. The direct-to-black-hole evolution of massive stars
could explain the lack of high mass CCSN progenitors iden-
tified to date (e.g. Smartt 2015; Adams et al. 2017) and the
compact remnant mass function (see Kochanek 2014). Chini
et al. (2012) found most (> 82 per cent) massive stars (M
> 20 M) are in close binary systems and this can have
a profound impact on the evolution of the progenitor (see
Sana et al. 2012, and references therein). Over 70 per cent,
for example, will exchange mass with a companion, and very
close binaries may undergo a stellar merger before ultimately
collapsing directly to form a black hole (Sana et al. 2012).
3.3 High mass progenitors for stripped-envelope
SNe
The radial distribution of SINGG SE SNe is best traced
by the Hα light distribution (p = 0.65: see Fig. 6b). This
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Figure 7. Normalised radial flux profiles shown as separate differently coloured lines, with SN locations indicated with small red circle(s):
Type Ia SNe (top row), Type II SNe (middle row) and SE SNe (bottom row). The average radial positions for Type Ia, Type II and SE
SNe are marked on each plot using a black cross, circle and triangle, respectively, and these show the now well-known centralisation of
SE SNe compared to Type II SNe. To aid comparison the mean positions of the other SN types are shown with grey symbols. The lack
of SE SNe in the outer regions of the UV apertures is evident in panels k,l, with no SE SNe observed in the outer ∼ 30 per cent of the
UV light distribution, compared to the absence of SE SNe in the outer ∼ 18 per cent of the Hα light distribution (panel j ). See Sections
3.3.1 and 4.2 for further discussion.
result is consistent with SE SNe having high mass progeni-
tors (Mi > 20 M) and with earlier radial analysis research
(James & Anderson 2006; Anderson & James 2008; Ander-
son et al. 2012). The observed correlation of SE SNe with
Hα fluxes increases when the radial analysis is restricted to
R90 (p = 0.83: see Fig. 8b), and UV fluxes improve as trac-
ers (p = 0.60 and 0.43 for NUV and FUV, respectively). It is
well-known that SE SNe are the CCSN subgroup most as-
sociated with high mass star-forming regions (e.g Porter &
Filippenko 1987; Galbany et al. 2014), and Ic SNe in particu-
lar (e.g. Anderson & James 2008; Kuncarayakti et al. 2013a),
implying a possible sequence of increasingly massive progen-
itors (II→ Ib→ Ic). Some single massive (Mi > 25 M) WR
star SE SN progenitors have been successfully identified or
modelled (e.g. Crowther 2007; Dessart et al. 2011; Mazzali
et al. 2017; Prentice et al. 2018), including the first Type Ic
SN progenitor identification (Van Dyk et al. 2018; Kilpatrick
et al. 2018).
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Figure 8. CDFs for SNe located within R90: (a) Type II SNe, (b) stripped-envelope supernova (SE SNe: Types Ib, Ic, Ib/c and IIb) and
(c) the combined Type II and SE SN sample. See Figure 5 for further description.
There is growing evidence, however, that SE SNe may
have at least two progenitor streams, spanning a wide range
of masses (e.g. Podsiadlowski et al. 1992; Eldridge et al.
2013; Williams et al. 2014; Ryder et al. 2018; Taddia et al.
2018; Williams et al. 2018), but see Maund (2018). Single
massive star evolution models do not explain the observed
ratio of SE SNe compared to Type II SNe, and a lower
mass binary progenitor stream could explain the observed
frequency of SE SNe (e.g. Eldridge, Izzard & Tout 2008;
Smith et al. 2011a; Shivvers et al. 2017; Kilpatrick et al.
2018). Recent modelling of light curves suggests that most
SE SNe have low ejecta masses (Mej = 1 − 5 M), whereas
massive stars typically have high ejecta masses (e.g. Lyman
et al. 2016; Taddia et al. 2018). The analysis of late-phase
spectra of Type IIb SNe by Jerkstrand et al. (2015) also
indicates SE SNe can have moderately massive progenitors
(typical Mi ≈ 12 − 16 M), in line with many recent direct
detections (e.g. Nomoto, Iwamoto & Suzuki 1995; Maund
et al. 2004; Bersten et al. 2018).
UV fluxes are not the best tracers of the radial distri-
bution of the SE SNe within R90 (see Fig. 8b). If most SE
SNe are produced by lower mass stars in binary systems, as
postulated by Dessart et al. (2011), then a stronger correla-
tion would be expected, but this is not seen. Maund (2018),
however, suggests very massive stars (Mi > 30 M) produce
the majority of SE SNe. Using the Hubble Space Telescope
Maund (2018) analysed the sites of 23 SE SNe, determining
the age of the stellar populations remaining at the vicinity
(< 150 pc) of the SN locations. Deriving stellar population
ages for the resolved stars local to the SN locations using
color magnitude diagrams, they find SE SNe typically to be
coeval with very young stellar populations. This is indicative
of much higher progenitor masses, either as single stars or
in a massive binary system. Maund (2018) finds higher ex-
tinction towards the SN sites than previously assumed, thus
leading to higher progenitor mass estimates.
We do not observe an excess of SE SNe near galactic
centres (see Fig. 6b), unlike some observers (e.g. Anderson
& James 2009; Habergham, James & Anderson 2012), but
perhaps this partially reflects the smaller size of our homo-
geneous sample. The SE SNe in the heterogeneous sample
used by Anderson & James (2009) are significantly more
centralised than our sample, as can be seen in Figure 9.
Only two SE SNe (1997X and 2004dk) and two Type II SNe
(1999em and 2004dg) occur in both samples; the SINGG R-
band and Hα enclosed flux fractions for these SNe are typi-
cally 6–12 per cent lower than the Anderson & James (2009)
values, consistent with our typically larger flux apertures set
to capture all detectable fluxes (see Fig. 4 and Section 2.5).
3.3.1 SE SNe absent from galaxy outskirts
The centralisation of SE SNe compared to Type II SNe noted
in earlier work (e.g. van den Bergh 1997; Bartunov et al.
2007; Anderson & James 2009; Leaman et al. 2011) is ev-
ident (see Figs 6b, 7i–l,8b). There are no SINGG SE SNe
observed in the radii containing the outer ∼ 30 per cent of
the UV fluxes, nor in the outer ∼ 18 per cent of the op-
tical fluxes (see Fig. 7i–l). In contrast, there are no Type
II SNe in the outer five to ten per cent of the UV profiles
(Fig. 7g,h) while SINGG Type II SNe are located out to the
full R-band apertures (Fig. 7e,f ). Anderson & James (2009)
also observed that no Type Ic SNe occurred in the outer 20
per cent of their Hα and R-band flux distributions. Possible
explanations for these results are discussed in Section 4.2.
Recall that the large SINGG and SUNGG apertures probe
the full extent of detectable fluxes (Section 2.4) and this
work, therefore, examines the radial distribution of SNe well
beyond the commonly used R25 apertures (e.g. Chakrabarti
et al. 2018, and see Fig. 3).
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Figure 9. Comparison of the R-band and Hα Type II SNe and SE SNe CDFs derived from the homogeneous SINGG dataset (solid lines
in yellow and red for 47 Type II SNe and 15 SE SNe, respectively) with the Anderson & James (2009) sample (dashed lines in grey and
magenta for 92 Type II SNe and 58 SE SNe, respectively). For consistency with SINGG, the Anderson & James (2009) sample used here
excludes ten SNe which are missing either R-band or Hα flux measurements. As in earlier CDF figures, the diagonal dotted normal line
reflects an ideal 1:1 CDF where the cumulative number of the SNe exactly traces the radial flux distribution. The significance (p) of the
one-tailed KS test is also listed, indicating the likelihood that the specified CDF is derived from the same population as the normal line.
The significance of the two-tailed KS test (p2) indicates the likelihood that the Anderson & James (2009) and SINGG CDFs are derived
from the same population.
4 DISCUSSION
4.1 Low masses for Type Ia SNe binaries
The low likelihood that the SUNGG UV light distribution
and Type Ia SN radial distribution of the sample are related
(Fig. 5a) suggests that at least the majority of SINGG Type
Ia SNe originate from binary systems containing only low
mass stars. Galactic NUV emission is a tracer of star forma-
tion out to a few ∼100 Myr (e.g. Meurer et al. 2009), so the
divergence is consistent with Type Ia SNe having older (>
100 Myr), low mass progenitors.
Our results cannot distinguish between key progenitor
models that involve only low mass stars. This includes the
double degenerate model (see review in Maoz, Mannucci &
Nelemans 2014) and the single degenerate (SD) model case
with a low mass companion (Whelan & Iben 1973). In the
SD model the progenitor, a main sequence star with a mass
of M? <8 M, can evolve rapidly to form a WD of ∼ 1.4
M and subsequently accrete sufficient material from a non-
degenerate companion, taking the primary star to, or near,
the Chandrasekhar limit, causing it to explode (Hoyle &
Fowler 1960). The SD model favours an initial progenitor
mass range of M? ∼ 1.8–3 M, while the moderately massive
portion of the range (M? ∼ 3–8 M) is viewed as subopti-
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mal (Whelan & Iben 1973). Nomoto & Leung (2018) also
suggest a potential range of companion masses (M? ∼ 0.7–
6 M). According to Nomoto & Leung (2018) companions
within the mass range can generate the high accretion rates
required for a Type Ia SN to occur and also explain the ob-
served delay time distribution (the rate of SNe arising over
time from an instantaneous burst of star formation) of Type
Ia SNe (e.g. Totani et al. 2008; Maoz, Sharon & Gal-Yam
2010; Heringer, Pritchet & van Kerkwijk 2019). If correct,
the SD model, together with the lack of agreement with
UV fluxes, suggests the secondary stars of progenitor sys-
tems are predominately in the lower portion of the proposed
M? ∼ 0.7–6 M range.
The recent increase in SN discoveries has given as-
tronomers improved data for statistical analysis but has also
revealed that over a third of Type Ia SNe are ”peculiar”
(e.g. Li et al. 2001; Mannucci et al. 2005, and see Tauben-
berger 2017 for a review). Observations have cast doubt on
whether the SD model should continue to be considered the
most likely (and only) progenitor model (e.g. Maoz et al.
2014; Canals, Torres & Soker 2018). Research attempting
to constrain progenitors by examining spectra just days af-
ter the initial explosion for signs of interaction between the
SN ejecta and companion star(s) has generated conflicting
results, for example, with the signature of the hydrogen en-
velope of a main sequence star being detected in some cases,
but not in others (e.g. Hayden et al. 2010; Brown et al.
2012; Shappee et al. 2018). Strong limits for the physical
size of potential companions have been determined for a
small number of cases, with most indicating that a compan-
ion, if any, must be compact (e.g. some are limited to 10 to
30 per cent of the Sun’s radius, disfavouring RSG compan-
ions and also main sequence stars (e.g. Bloom et al. 2012b;
Lundqvist et al. 2015; Shappee et al. 2018). Searches for
surviving companions also continue to be unsuccessful (e.g.
Schaefer & Pagnotta 2012; Kerzendorf et al. 2018, but see
Shen et al. 2018b). The study of detailed light curves from
the recent Kepler (K2) mission is, however, providing strong
constraints on possible progenitors (e.g. Dimitriadis et al.
2018).
Local environmental factors impact on Type Ia SNe,
with recent work revealing that Type Ia SNe located in star
forming regions have lower luminosities than their counter-
parts in locally passive regions (Rigault et al. 2013). The
colour of Type Ia SNe also varies between SNe in the central
regions and those in the outskirts of a host galaxy (Roman
et al. 2018). The existing global calibrations (e.g. Hamuy
et al. 1996) can, therefore, lead to bias if these local factors
are not taken into account.
Type Ia progenitor models face the challenge of ex-
plaining the observed diversity of Type Ia SN events (e.g.
Blondin et al. 2012), while still generating the uniformity
and continuous nature of key properties, (although see How-
ell et al. 2006; Gall et al. 2018) that makes them such invalu-
able ”standard candles” (Sullivan et al. 2010; Howell 2011;
Maoz et al. 2014). Progenitor models must explain obser-
vations, for example, that brighter/slower Type Ia SNe are
only found in star-forming galaxies while elliptical galaxies
host fainter cases (e.g. Hamuy et al. 1995; Sullivan et al.
2006; Ashall et al. 2016; Graur et al. 2017). The possibility
that there are multiple Type Ia SN populations (e.g. Dalla-
porta 1973; Della Valle & Livio 1994; Howell 2001; Mannucci
et al. 2006) requiring two or more progenitor models, is be-
ing increasingly considered (e.g. Wang & Han 2012; Wang
et al. 2013; Livio & Mazzali 2018; Stritzinger et al. 2018;
Bear & Soker 2018; Soker 2019). The SINGG radial analysis
favours long-lived, low mass binaries for at least the majority
of Type Ia progenitor systems in star-forming galaxies.
4.2 Absence of SE SNe in galaxy outskirts
The centralisation of SE SNe has previously been linked to
the metallicity gradients observed in galaxies (e.g. Petrosian
et al. 2005; Anderson & James 2009; Leaman et al. 2011),
with central galactic locations generally having higher chem-
ical abundances than outer regions (e.g. Henry & Worthey
1999). Metallicity drives the extent of the mass loss from
winds for single massive stars, with low metallicity stars re-
quiring higher masses than their high metallicity counter-
parts (e.g. Vink, de Koter & Lamers 2001; Smith 2014). On
average, Type Ic SNe are located in regions of higher metal-
licity than Type Ib SNe (e.g. Modjaz 2012; Habergham et al.
2012) and are often located in the brightest regions of their
host galaxies (e.g. Kelly et al. 2008). Others find only a weak
correlation with metallicity for SE SNe compared to Type
II SNe, however, and consider other factors, such as mass,
binarity or disturbance, to be of greater importance (e.g.
Anderson et al. 2010; Habergham et al. 2012).
Compared to other SN types, SE SNe are most associ-
ated with leading edges of spiral arms, where compression
triggers star formation (e.g. Aramyan et al., 2016; Kara-
petyan et al. 2018). Galaxy interactions and mergers can
also trigger extensive local star formation activity. SE SN
centralisation is more pronounced in disturbed galaxies (e.g.
Habergham et al. 2012; Anderson et al. 2015a) and galaxies
with very high levels of disturbance have high SE SN to Type
II SN ratios (Habergham et al. 2012). Galaxy interactions
and merger activity reduce metallicity gradients compared
to normal isolated galaxies (e.g. Kewley et al. 2010), im-
plying that metallicity is not the key factor explaining the
relative deficiency of SE SNe in the outskirts of galaxies.
Stellar discs typically have sharp edges when observed
using broadband optical wavelengths (Kregel, Van Der Kruit
& Grijs 2002; van der Kruit 2007; Meurer et al. 2018, and
see Fig. 7a,e,i) and Hα emission (Kennicutt 1989; Martin &
Kennicutt 2001, and see Fig. 7b,f,j ). Galaxies do not gener-
ally exhibit the same sharp truncation in the UV fluxes as
they do in Hα (Thilker et al. 2005) and many have an XUV
disc (Thilker et al. 2007). The lack of SE SNe in the out-
skirts of galaxies is consistent with these SNe having higher
mass progenitors than Type II SNe and with a reduced mas-
sive star formation efficiency (i.e. a bottom-heavy IMF) in
the low density, outer regions of galaxies (e.g. Thilker et al.
2005; Bruzzese et al. 2015; Watts et al. 2018, Bruzzese et
al. 2019, in prep.). Graur et al. (2017) found SE SNe under-
represented by a factor of about 3 in low mass galaxies (M
< 1010 M). Reduced massive SFEs are also found in low
Hi mass, low luminosity and low surface brightness galaxies
(Lee et al. 2004; Hoversten & Glazebrook 2008; Meurer et al.
2009; Lee et al. 2009; Audcent-Ross et al. 2018).
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5 CONCLUSIONS
We have shown that Type Ia SN progenitors in late-type
galaxies are best traced by the R-band light distribution in
the disc, i.e. after allowing for the bulge, and that there is
no correlation with UV fluxes. This is consistent with most,
if not all, Type Ia WD progenitors having low mass com-
panions as proposed in the double degenerate model or, in
the case of the single degenerate model, with red giant com-
panions (Nomoto & Leung 2018). While the single degener-
ate model allows for higher mass main sequence sub-giant
companions, our results do not support such binary systems
being a major progenitor stream of Type Ia SNe.
The radial distribution of Type II SNe inside R90 (de-
termined using both R-band and FUV) is best traced by
FUV fluxes. This is consistent with a growing number of di-
rect detections indicating that Type II SNe have moderately
massive progenitors.
SE SNe have the strongest correlation with the Hα light
distribution, supporting the generally held view that they
have the highest mass progenitors (M∗ & 20 M). It is not
consistent, however, with the increasing number of direct
detections of moderately massive binary SE SN progenitors
(but see Maund 2018). At least two distinct SE SN progeni-
tor streams, covering different mass ranges, may be required
to explain these conflicting results.
The CCSN population in the homogeneous
SINGG/SUNGG sample exhibit the well-known cen-
tralisation of SE SNe with respect to Type II SNe, with
the outskirts of the galaxies being devoid of SE SNe; no
SE SN cases occur in the outer third of the FUV fluxes,
nor in the outer ∼ 20 per cent of the R-band fluxes. The
observations are consistent with high mass progenitors for
SE SNe and reduced massive star formation efficiencies in
the low density outskirts of galaxies.
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APPENDIX A: ENCLOSED FLUX FRACTION
HISTOGRAMS
Figure A1 provides an alternative to the CDF presentation
of the radial distribution of SNe used in the body of this
paper and reinforces its results. The lack of Type II and SE
SNe in the outskirts of the UV radial flux distributions of
our sample is particularly evident in Fig. A1c,d, for example.
The statistical significance of our results using
Kolmogorov-Smirnov (KS) testing are detailed in the body
of this paper. The Anderson-Darling (AD) test (case 3,
D’Agostino & Stephens 1986) was also used to examine the
significance of our results and generated results consistent
with the KS testing. The radial distribution of Type II SNe
over the full apertures is not consistent with either R-band
and Hα radial fluxes (Anderson-Darling AD* > ∼ 2 and
pAD = 0.0), while NUV has the only non-negligible pAD
value (AD* = 0.6 and pAD = 0.12). In statistically signif-
icant results, albeit with small numbers of SNe, the radial
distribution of the 18 Type Ia SNe over the full apertures
is not consistent with UV radial fluxes (Anderson-Darling
AD* > 3 and pAD = 0.0) and is consistent with R-band
fluxes (AD*= 0.13 and pAD = 0.98), while only Hα fluxes
may trace the 15 SE SNe (AD* = 0.53 and pAD = 0.18),
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with all other radial fluxes being statistically rejected (AD*
> 1 and pAD ≤ 0.01).
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Figure A1. Histograms of the radial enclosed flux fractions (see Section 2.2 for method). This figure is an alternative representation
of the results in Figures 5a and 6a,b, and similarly illustrates, for example, a central deficit of Type Ia SNe and the lack of Type II
and SE SNe in the outskirts of the UV flux distributions of our sample. Type II SNe are indicated with solid grey, Type Ia with red
upward-slanting lines, and SE SNe with blue downward-slanting lines (as shown in the key above).
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